INTERPRETATION 1h-MNM can record simultaneously VEEG/aEEG/SEP-C in newborn infants, showing the modulation of SEP cortical responses in relation to behavioural states in all infants studied using an appropriate neonatal method. We emphasize the importance of obtaining neonatal SEP-C normative data to better identify pathological findings in neonatal brain injury.
Clinical neurophysiology is a reliable approach for diagnosis, prognosis, and monitoring of neurological diseases in adult and paediatric patients admitted to intensive care units. 1, 2 Functional evaluation of the central and peripheral nervous system using neurophysiological techniques is widespread in infants born at term and preterm admitted to the neonatal intensive care unit for neurological pathologies, especially hypoxic-ischemic encephalopathy. 3 Amplitude-integrated electroencephalography (aEEG) 4, 5 and video-electroencephalography (VEEG) 6 make a reliable contribution to assessment of severity, planning of treatment, monitoring, and determination of prognosis of neurological injuries. 7 As previously reported by De Vries et al., 8 median nerve somatosensory evoked potentials (SEPs) can predict neurodevelopment outcome in infants born at term with hypoxic-ischemic encephalopathy, while tibial nerve SEPs might be more sensitive in predicting cerebral palsy in infants born preterm.
Recently, SEPs have been assessed in paediatric patients, as their patterns are more stable and less affected by drugs than aEEG and VEEG, thus providing more accurate diagnosis of possible cerebral injuries. 1, 9, 10 There is a growing body of literature that demonstrates the strict prognostic correlation between early lack of SEP cortical components and the development of cerebral palsy 11 and neurodevelopmental impairment 12, 13 in infants with moderate or severe hypoxic-ischemic encephalopathy, although caution has been suggested in interpreting SEPs during therapeutic hypothermia. 14 In the last 5 years, some studies have compared SEPs from neurologically injured infants with presumably normal SEP patterns from control groups. 10, 13, 14 There are not many older studies 15, 16 reporting normative data of SEPs in healthy infants born at term, and this lack of reference values, together with the absence of standardized SEP measurements and parameters, [11] [12] [13] [14] [15] [16] [17] might affect the prognostic value of this neurophysiological technique. It is well known that the variability in cortical SEPs is largely a result of different measurement methods and is affected by an infant's behavioural state. 17 It has also been suggested that a combination of multiple techniques, such as aEEG, VEEG, VEPs, and SEPs can synergistically improve the prognosis of long-term neurological outcome in comparison with single modalities. 18, 19 Amantini et al. hypothesize that multimodal neurophysiological monitoring (MNM) would be useful in evaluating brain activity in neonates as well as in adults. 1 Thus, the purpose of this study was to set up a standard method for carrying out a short-term (1h) MNM (1h-MNM), including the simultaneous recording of aEEG, VEEG, and SEP-continous (SEP-C), to evaluate its feasibility and collect SEP-C normative data in a cohort of healthy infants born at term during the first 2 days of life.
METHOD
This prospective and observational study was carried out at the Careggi University Hospital of Florence from January 2013 to December 2013, after approval by the local ethics committee. Written informed parental consent was obtained before infants were enrolled. Healthy infants were eligible if they were at least 37 weeks' gestation, had normal weight for gestational age, and were less than 2 days old. We recorded the following data for each infant: gestational age, birthweight, height, and sex.
Neurophysiological assessments
Infants were studied using the NeMus ICU system (EB Neuro, Florence, Italy), which provides simultaneous recording of VEEG, aEEG, and SEP-C, receiving the signal from the same pool of electrodes displayed in on-demand windows. Both the montage and setting of simultaneous and continuous recording were set through a user-defined macro.
The small size of the infants' heads meant that only 10 paediatric disposable surface electrodes (including ground and reference electrodes) were used for EEG recordings, according to the International 10-20 System. Electrocardiogram, electro-oculogram, electromyography (mylohyoid muscle), respiratory activity (using chest belts), and video were also recorded. For visual analysis 10 bipolar EEGderivations were used (Fp2-C4', C4'-O2, Fp2-T4, T4-O2, Fp1-C3', C3'-O1, Fp1-T3, T3-O1, T4-C4', C3'-T3).
Four-channel aEEG signals were recorded using the same EEG electrodes (Fp1-Fp2, C3'-C4', T3-T4, O1-O2).
SEP responses were elicited by electrical stimulation (Ag/ AgCl disc electrodes) applied alternatively and asynchronously 50 times on the left and right median nerves at the wrist using a constant current square wave pulsed at a rate of 1.1 Hz. The stimulus duration was 200 ls, and intensity (10-20 mA) was regulated to produce a small thumb twitch (motor threshold intensity). The individual traces were the average of 50 measurements, analysis time was 200 ms, and the filter band-pass was 1-100 Hz. 17 Responses were recorded from cortical and cervical levels using the same electrode as VEEG and the reference electrode at Fz (C3'-Fz, C3'-C4', C4'-Fz, C4'-C3', and Cv7-Fz).
SEP-C/VEEG monitoring
Monitoring was carried out for about 1 hour. This was the shortest duration that would allow recording of a complete cycle of spontaneous sleep and a waking phase. The recordings were carried out after feeding when the infants were asleep or quietly awake.
Once the macro had been chosen, we recorded a first trace of SEP, which was labelled as the template, to which the following traces were compared. We manually located the markers of the principal waves N1 (N20 adult) latency, N1-P1 (N20-P25 adults) amplitude, and N13 latency, then we started the session. The software automatically recognized N1 and P1 peaks and put markers at the maximal negative and positive deflections within a window of 5ms either direction in comparison with the position of markers on the previous trace; also, the N13 waves were automatically identified. Labelled peaks could be reviewed and manually corrected if necessary.
Traces were displayed in cascade on one side of the screen, while the trends of SEP latencies and amplitudes were displayed on the other side. Lines of different colours for amplitude and latency values represent this trend. A horizontal baseline represents latency and amplitude of the template; latency and/or amplitude modifications caused the lines to diverge from baseline.
Latencies of N1 responses and amplitudes of N1-P1 complex were measured for left and right median nerves. Minimal and maximal N1 latencies and minimal and maximal N1-P1 amplitudes were identified by recording trendcascade for both hemispheres.
Cervical component responses were identified with minimal and maximal values.
We calculated the mean values and standard deviations (SD) for all components (N1, P1, N13) for left and right sides.
Central conduction time (CCT) reflects the interpeak latency (IPL) between the N13 mean negative peak and N1 negative peak components. 13 
Statistical analysis
Clinical characteristics of the study population were reported as mean (SD), or rate and percentage. SEP-C What this paper adds
• Standardized simultaneous recording of video-and amplitude-electroencephalography/continuous somatosensory evoked potentials (SEP) is feasible and safe in neonates born at term.
• Continuous SEP is always present in all healthy newborn infants in the first 2 days of life.
• SEP modulation responses could serve as prognostic indicator of brain integrity.
patterns were correlated to gestational age using linear regression analysis (regression coefficients and 95% CI) for both median nerves. The population was stratified into a group of infants with 37 to 39 weeks' gestation (group 1) and a group of infants with 40 to 41 weeks' gestation (group 2) to evaluate whether there are significant differences resulting from term period for gestational age. We used the Mann-Whitney U test and p-values lower than 0.05 were considered to be significant. Statistical analysis was performed with GraphPad Software Prism 6 (La Jolla, CA, USA) and Microsoft Office Excel.
RESULTS
We studied 20 healthy infants (13 males, 7 females) with a mean gestational age of 39.6 weeks (SD 1.3wks) and birthweight of 3330g (SD 360g), stratified into groups 1 (n=10; six males, four females) and 2 (n=10; seven males, three females) in relation to gestational age as detailed above.
All infants achieved a complete EEG cycle of spontaneous sleep active-quiet-active (AS-QS-AS), and 17 recorded a period of quiet-wakefulness. Behavioural phases of wakefulness and sleep were easily identified by the presence of physiological EEG elements with the following main patterns: mixed activity, low voltage irregular, trace alternant, high voltage slow. All infants had normal aEEG patterns.
All infants showed bilateral cortical and cervical SEP-C components. Figure 1 shows latency values of cortical (N1) and cervical (N13) components, amplitude values of cortical components (N1-P1), and CCT (IPL N13-N1) values. No right-to-left-side significant differences were observed.
Linear regression analysis confirmed that latency and amplitude of SEP-C cortical and cervical components and CCT are inversely related to infants' gestational age (Fig. 2) .
Mean latencies of N1 components were longer in group 1 than in group 2 in both hemispheres (p=0.01 left/p=0.001 right). Mean amplitudes of the N1-P1 complex were higher in group 1 than in group 2, although the difference was statistically significant only in the left hemisphere (p=0.005 left/p=0.66 right). Mean latency of the N13 component was longer in group 1 than in group 2 (p=0.03) (Fig. S1, online supporting information) .
N1 and P1 components of the SEP-C were identifiable in all phases of spontaneous sleep (AS-QS-AS) and quietwakefulness. The minimum latency and amplitude of SEP-C were observed during active sleep/quiet-wakefulness in the majority of cases (60% of the neonates), whereas the maximum latency and amplitude of SEP-C were observed in particular during quiet sleep (70% of the cases) (Fig. S2 , online supporting information).
DISCUSSION
Our study demonstrates that 1h-MNM, including the simultaneous recording of VEEG, aEEG, and SEP-C, obtained from bilateral alternate stimulation of median nerves, is well tolerated and feasible in healthy infants born at term and provides a complete sleep-wake cycle which allows comprehensive interpretation of the EEG behaviour pattern. 1h-MNM is useful from a clinical point of view because it allows evaluation of SEP changes over time and immediate interpretation of aEEG by trained neonatologists.
The simultaneous recording of trend-SEP-C and VEEG during 1h-MNM permits an accurate correlation between SEPs and newborn infants' behavioural state. During the VEEG recording, the trend-SEP-C calculates the latencies and the amplitude values of SEP components and the analysis allows combination of these values with behavioural states related to the EEG period. This is important because it has been demonstrated that SEPs are severely affected by the state of brain activity. 17, 20, 21 We found that latencies and amplitudes of cortical SEPs (N1 component and complex N1-P1) have lower values during AS and quiet-wakefulness phases than in the QS phase. These differences -resulting in a modulation of SEP-C responses during the behavioural state -are in agreement with the physiological neonatal EEG pattern, and are consistent with performance maturation and integrity of nervous system pathways.
The correlation between SEP modulation and behavioural states is also found in healthy adults: during non-REM sleep, phase N20 latencies are longer and amplitudes smaller than during awake status; during REM sleep, phases are similar. 22 Another important finding of our study is the inverse relationship between SEP-C latencies and amplitudes and infants' gestational age because the former decreases when the latter increases. We speculate that this results from postnatal maturation of nerve myelination progressing from 37 to 41 weeks' gestation. Similarly, the longer latencies and higher amplitudes of the left cerebral hemisphere observed in the group 1 infants might be explained by earlier maturation of the predominant left hemisphere than that of the right one during fetal life. [23] [24] [25] For the first time, we are reporting normative data of continuous cervical and cortical SEPs and CCT recordings during VEEG, for both cerebral hemispheres in healthy infants born at term that can be used as reference values for infants with neurological injuries. We cannot compare these data with previous studies 10,13 because they investigated exclusively infants with brain damage, and differ from ours in terms of some aspects of SEP measurement, such as stimulation frequency, duration, number of acquisitions, and characteristics of the band-pass filter.
We used a stimulation frequency (1.1Hz) lower than that commonly used in adults because it is more appropriate to the immaturity of the newborn infant's nervous system. [11] [12] [13] 17 SEP-C measurements were performed in agreement with Bongers-Schokking et al., 17 who advocate that SEP recording in newborn infants should involve use of a band-pass filter of 1-100Hz with a low number of stimuli , paying close attention to the behavioural 18 Mean latency state of the infant. They demonstrated that a wide bandpass filter (>100Hz) induces unacceptable distortion of the scalp potentials and signal artefacts, while the application of less than 50 stimuli is sufficient to obtain a cortical response but prevents system exhaustion. 17, 20 In our case the left and right median nerves were stimulated asynchronously and alternately 50 times to obtain reproducible SEP waves. This trial was repeated for 1 hour during the VEEG/aEEG recording. The use of an alternate stimulation did not show an exhaustion of the cortical responses. Moreover, the set time analysis of our equipment (200ms) allows pick-up of the intracortical SEP components. 21 The prognostic importance of SEPs in anoxic damage in adults and in children is well known, 1, 8 and there is already evidence in the literature of the usefulness of this test as an early prognostic indicator in the neonatal period. [10] [11] [12] [13] [14] Our data show that SEP-C is always present in the healthy newborn infant so the bilateral cortical responses present in the asphyxiated newborn infant strengthen the predictive positive value. On the other hand, bilateral absence can represent a negative predictive value if all recording parameters indicated in neonates are taken into consideration.
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The added value of our study is the continuous recording in cascade of the SEP responses (simultaneously with VEEG/aEEG) and the trend-SEP-C for both median nerves in the first 2 days of life: we obtained new normative data of SEP-C recorded during behavioural states.
SEP-C modulation relative to behavioural state, in agreement with physiological neonatal EEG pattern, indicates the integrity of the pathways of the nervous system. Poor modulation of SEP-C responses is probably a further prognostic indicator of moderate brain damage, which is more difficult to detect.
In conclusion, we demonstrate that 1h-MNM, including the simultaneous recording of VEEG, aEEG, and SEP-C, is a feasible and safe procedure in healthy infants born at term. We found that SEP-C are affected by infants' gestational age and behavioural state. Our findings are crucial to correct identification of normal than pathological results, stressing the importance of interpreting the SEP data with the knowledge of the corresponding behavioural state. Our measurements of SEP-C can be used as reference values for identifying pathological SEP patterns in infants at risk of brain injuries.
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SUPPORTING INFORMATION
The following additional material may be found online: Figure S1 : Graphical representation box-plot of the sample divided into two groups (group 1 infants with 37-39wks' gestation and group 2 with 40-42wks' gestation) based on the distribution of responses in latency (ms) (N1, N13, central conduction time [CCT] ) and amplitude (N1-P1) for left (L) and right (R) hemispheres. Each box-plot shows minimum and maximum values, the first and third quartile, median and significance level. 
